1 to 17 years. The main study outcome measures included a continuous measure (µg/dL) of BLL and two dichotomous measures of BLL (Ն5 µg/dL and Ն10 µg/dL).
Lead exposure remains a serious health problem among Hispanic children and adolescents living in the United States. Based on data from the Third National Health and Nutrition Examination Survey (NHANES III), approximately 5% of Mexican-American children 1 to 5 years of age have blood lead levels (BLLs) at or above the current intervention threshold of 10 micrograms per deciliter (µg/dL) and an additional 23% have BLLs of 5 µg/dL or higher, an intervention threshold currently under consideration by the Centers for Disease Control (CDC). 1 Other research shows that approximately 5% of Mexican-Americans 6 to 19 years of age have BLLs of 10 µg/dL or higher. 2 Exposure to lead can have deleterious effects on multiple organ systems, including the nervous, hematopoietic, renal, endocrine, and reproductive systems. 3 Recent scientific evidence suggests that even BLLs generally considered medically insignificant may have adverse effects on the cognitive development of children. 3 In particular, BLLs less than 10 µg/dL have been associated with cognitive and neuropsychological deficits including decrements in IQ, attention, 4 verbal learning, cognitive flexibility, visuospatial construction, 5 nonverbal reasoning, working memory, 6 and visuomotor and finemotor functioning. In response to this and other research, the CDC is considering whether to lower the intervention threshold for lead exposure from 10 µg/dL to 5 µg/dL. 7 Although previous studies have shown that lead exposure is higher among Hispanic children compared with non-Hispanic white children, 1, 2 little is known about how lead exposure varies among Hispanic children. In general population studies, children in low-income families, children residing in homes built before 1946, 8 and children enrolled in Medicaid programs are at increased risk for significant lead exposure compared with their respective counterparts. 9 Refugee children are more than twice as likely as other children to have significant lead exposures. 10 Children who migrate to the United States from developing countries may also be at elevated risk for significant lead exposures. 11 For example, Mexican children are known to have high rates of significant lead exposure. 12 In one study conducted in Oaxaca, Mexico, 55% of school-aged children had BLLs of 10 µg/dL or higher. 13 In this study, we examined patterns of lead exposure among Mexican-American children living in the United States using data from a nationally representative health survey and examination study. In particular, we examined associations between BLLs and various demographic characteristics, socioeconomic status, indicators of acculturation, Medicaid program participation, housing age, drinking water source, and residence in a major metropolitan area.
METHODS

Data source
Data for this study came from the NHANES III. The NHANES III was conducted by the National Center for Health Statistics (NCHS) and was designed to assess the health and nutritional status of the non-institutionalized population of the United States. The survey oversampled Mexican-Americans and blacks and included a total of 11,834 youth between 1 and 17 years of age. The survey was conducted at 89 locations during two three-year periods: 1989 to 1991 and 1992 to 1994. The survey used stratified multistage probability cluster sampling design. Weights were assigned to each subject, enabling results to represent the entire U.S. population.
Bilingual NHANES III staff conducted surveys in households, administering questionnaires to families, adults, and children in Spanish or English. The most knowledgeable adult in each surveyed household (the household informant) was asked to respond to questions about sampled youth. The survey included demographic, socioeconomic, and housing questions. Following the survey, standardized medical examinations that included the taking of blood samples were conducted by physicians and health technicians in NHANES III mobile examination centers.
Our analysis sample included 3,325 subjects ranging in age from 1 to 17 years who were identified as Mexican-American by the household informant. Subjects less than one year of age were excluded because BLLs were not assessed in this group. Subjects whose surveys were coded as unreliable by the field interviewers (nϭ2) and subjects whose parents spoke a language other than English or Spanish at home (nϭ10) were also excluded. An additional 733 subjects were excluded because they were missing information on BLL. Missing values for all other variables were imputed. Overall, less than 2% of subjects had missing data for any given variable with the exceptions of family income (12% missing) and home age (13% missing). We used a hot-deck procedure 14 to impute home age and model-based imputed values provided by NCHS for family income (NHANES III, 2001).
Statistical modeling
We used multivariate regression models to evaluate the associations between BLLs and demographic and socioeconomic variables among Mexican-American youth. For all models the unit of analysis was the individual youth.
Measures of blood lead levels.
Blood lead levels were assessed on whole blood samples taken from each subject based on standardized protocols described elsewhere. 15 Blood lead levels were reported in NHANES III as a continuous measure in micrograms per deciliter ranging from 0.07 µg/dL to 71.8 µg/dL. Due to limitations of the laboratory methods used, the lowest detectable BLL was 0.07 µg/dL. We estimated models with the continuous dependent variable using ordinary least squares regression.
In addition to the continuous measure, we also created two dichotomous measures of blood lead: one indicating a BLL Ն5 µg/dL and a second indicating a BLL Ն10 µg/dL. As noted, the current CDC threshold BLL for intervention is 10 µg/dL; however, due to evidence of adverse effects at even lower levels, a threshold level of 5 µg/dL is under investigation. 7 We estimated models with the dichotomous measures as dependent variables using logistic regression.
Explanatory variables.
Subjects were assigned to one of three categories based on age: 1 to 4 years, 5 to 12 years, and 13 to 17 years. We used measures of generational status and the language spoken at home as indicators of acculturation. Based on the language spoken by the parents at home, subjects were assigned to one of three home language categories: Spanish only, English only, or English and Spanish. Subjects were assigned to one of three categories based on a subject's place of birth and his/her parents' place of birth: first, second, and third or higher generation. Subjects born outside the U.S. were assigned to the first generation; subjects born in the United States who had at least one foreignborn parent were assigned to the second generation; and subjects born in the U.S. whose parents were both born in the U.S. were assigned to the third generation or higher.
The NHANES III collected several indicators of socioeconomic status (SES). We used the educational attainment of the head of household and poverty-income ratio (PIR) as our primary indicators of SES. The PIR is the ratio of two components: the numerator is the family income and the denominator is an assessment of the income level minimally adequate for a family of that size for that calendar year. We placed subjects into one of four categories based on the PIR: Ͻ50%, 50% to 100%, 100% to 200%, and 200% or more. We assigned subjects to one of three categories based on the years of education of the head of household: 6 or fewer years, 7 to 12 years, or 13 or more years. Subjects were also assigned to categories based on the U.S. Census region in which they resided: Northeast, South, Midwest, or West.
The NHANES III also collected information about the age of housing where the subject resided and the primary source of drinking water for the subject's household. Housing age was characterized as built before 1946, built 1946 to 1973, or built in 1974 or later. The primary source of drinking water was characterized as tap water, well water, or bottled water.
Estimation.
We defined a base model (Model 1) that included sex, age, generational status, home language, family income, and the educational attainment of the head of household. However, to investigate whether age of housing or source of drinking water might account for differences in BLL, we specified a second model (Model 2) that included these variables. Models 1 and 2 also included indicators of U.S. Census region.
In sensitivity analyses, we estimated the models for the continuous BLL measure using Tobit regression rather than ordinary least squares regression, because our continuous measure of BLL had a lower limit of 0.07 µg/dL. Because the results were the same for both estimation methods, we report the findings from the ordinary least squares regressions. In other sensitivity analyses, we added indicators for residence in an urban area of more than 1,000,000 persons and of participation in the Medicaid program to our specification of Model 1. As part of these analyses, we tested for collinearity between Medicaid participation and our other measures of SES. However, because neither of these variables reached statistical significance, they were not included in the models presented here.
All analyses were conducted with Stata 8.0, which is capable of adjusting for the complex NHANES sample design. 16 All analyses (unless stated otherwise) incorporated design weights that adjusted for unequal sampling probabilities and non-response. Table 1 shows the demographic and socioeconomic characteristics of the analysis sample of Mexican-American youth for this study. Approximately 50% of the subjects were fe-male, 70% were 1 to 11 years of age, 47% lived in families with incomes below the federal poverty line, and 83% lived in families where the head of household had 12 or fewer years of education. Fifteen percent of the subjects were first generation, 49% were second generation, and 36% were third or higher generation. Thirty-eight percent of subjects lived in English-speaking households, 51% lived in Spanishspeaking households, and 11% lived in English-and Spanishspeaking households. Sixteen percent of subjects lived in homes built before 1946, whereas 39% lived in homes built after 1974. Seventy-six percent of subjects reported drinking tap water. Table 3 shows regression results for Models 1 and 2 using the continuous measure of BLL as the dependent variable. In Model 1, all variables were statistically significant. For example, subjects 1 to 4 years of age had higher lead levels than subjects 12 to 17 years of age, with an adjusted group mean difference in lead levels of 1.82 µg/dL (CI 1.43, 2.20) (pϽ0.01). Also in Model 1, first-generation subjects had higher BLLs than subjects in the third or higher generations, with an adjusted group mean difference of 0.84 µg/ dL (CI 0.28, 1.30) (pϽ0.01). In Model 2, all variables were statistically significant, including age of housing and drinking water. Subjects living in homes built before 1946 had higher BLLs than subjects living in homes built in 1974 or later, with an adjusted group mean difference of 0.77 µg/dL (CI 0.17, 1.36) (pϽ0.05) and subjects who reported drinking tap drinking water had higher BLLs than subjects who reported drinking bottled drinking water, with an adjusted mean difference of 0.48 µg/dL (CI 0.13, 0.82) (pϽ0.01). Table 4 shows the results for the multivariate model results without (Model 1) and with (Model 2) variables adjusting for housing age and water source where the dependent variables are dichotomous indicators for BLL Ͼ5 µg/dL and 
RESULTS
DISCUSSION
This study identified several factors associated with elevated BLLs in Mexican-American children. Specifically, we found that demographic variables such as age and sex, as well as socioeconomic variables such as the educational attainment of the head of household and family income, are statistically significant and independent predictors of BLLs in Mexican-American children. In addition, we found that age of housing, source of drinking water, and indicators of acculturation such as the language spoken at home and generational status are statistically significant and independent predictors of BLLs. In contrast to previous research, we did not find that Medicaid enrollment was a statistically significant and independent predictor of lead exposure in Mexican-American children. A study conducted by the U.S. General Accounting Office (GAO) found that in a general probability sample of children in the United States, children enrolled in Medicaid were more than three times as likely as their nonenrolled counterparts to have BLLs greater than 10 µg/dL. 9 By contrast, our study suggests that Medicaid enrollment is not a good predictor of elevated BLLs in Mexican-American children.
Although not widely recognized, drinking water is a potential source of lead exposure in children. Contamination of drinking water may occur through plumbing containing lead such as solder, fluxes, pipes, pipe fittings, and sediments. Buildings constructed before the 1930s often had lead piping, and galvanized pipes were used between the 1920s and 1950s. Prior to 1986, lead soldering was popular. In one study, for example, lead levels in the drinking water in Philadelphia public schools were found to exceed Environment Protection Agency standards of 20 parts per billion. 17 In our study, we found that Mexican-American children with tap water as their principal source of drinking water have higher BLLs than Mexican-American children drinking bottled water, suggesting that plumbing may be an important source of lead exposure in Mexican-American children.
This study is consistent with previous research showing a higher prevalence of elevated BLLs among immigrant children. 10 In this study, we found that first-generation Mexican-American children (immigrant children) have higher BLLs than third-generation children in multivariate analyses. One possible explanation for this finding is that first-generation children may have greater exposure to products from Mexico that contain lead than their third-generation counterparts. Lead contamination among children is a much bigger problem in Mexico than in the U.S. 13 In Mexico, the use of leadglazed ceramics and traditional remedies that contain lead have been implicated in lead exposure in children. 12 We also found that the language spoken at home was a significant and independent predictor of higher BLLs. To our knowledge, this is the first time in the published literature that language has been described in association with BLLs. The fact that Mexican-American children living in monolingual Spanish-speaking households had statistically significantly higher BLLs than children living in monolingual English-speaking households after controlling for generational status, socioeconomic status, and other potentially confounding variables, suggests that linguistic and cultural barriers may be important to consider when formulating lead screening and abatement interventions for Mexican-American children. Educational campaigns to reduce lead exposure should be tailored for Spanish-speaking immigrant families, taking into account culturally specific causes of lead exposure such as the use of lead-glazed ceramics and traditional remedies still in common use in Mexico today. Finally, we found statistically significant and independent associations between BLLs and family income, the educa-tional attainment of heads of household, and age of housing. Leaded paint and contaminated dust and soil are the major causes of lead exposure among children in the US. 18 Children ingest lead by eating paint chips or chewing on objects such as cribs coated with leaded paint. Younger children are at greatest risk for ingesting paint chips and contaminated soil due to normal hand-to-mouth behavior. Previous studies have found that children living in low-income housing and public housing are most likely to have elevated BLLs. 18, 19 Our results suggest that low-income Mexican-American children living in older housing, particularly younger children, are at increased risk for elevated BLLs, independent of language, generational status, and other potential confounding factors.
Missing data may limit the generalizability of this study.
